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(57)Abstract: 

PURPOSE: To suppress the seleced center wavelength shift of 
a filter itself due to the variance of the ambient temperature 
with respect to the filter using a diffraction grating. 
CONSTITUTION: A diffraction grating 3 is rotated in the 
direction of an arrow in accordance with the rise of the ambient 
temperature by a temperature compensating mechanism part 4 
arranged in the diffraction grating 3. When the temperature rises 
by 5T, the angle of rotation of the temperature compensating 
mechanism part 4 is changed by 59 to cancel the shift of the 
selected center wavelength to the longer wavelength side due 
to the rise of the temperature, and the angle of incidence from 
an input/output fiber 1 to the diffraction grating 3 through a 
lens 2 is reduced, and the selected center wavelength of light 
which is subjeted to wavelength dispersion and is coupled to the 
input/output fiber 1 through the lens 2 again is Xo independently 
of the rise of the temperature. 
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THEREOF 

15 

SPECIFICATIONS 

[CLAIMS] 

1 . An optical filter con5>osed of a diffraction grating, a lens , an input fiberglass , 
20 and a detection fiberglass, operating such that a light from the input fiberglass 

is dispersed wavelength by the diffraction grating through the lens, and a 
light having given wavelength range connects to the detection fiberglass through 
the lens, wherein a mechanism for changing rotational angle in response to 
change in temperature is attached to the diffraction grating so that when ambient 
25 tenperature rises, the diffraction grating rotates in a direction where the 
incident angle of the input light becomes small. 

2. The optical filter according to claim 1, wherein the diffraction grating 
is a Fourier- type diffraction grating. 

30 

3. An optical filter coitposed of a diffraction grating and a light input/output 
portion that is conposedof alens, a input fiberglass, and a detection fiberglass, 
operating such that a light from the input fiberglass is incident to the 
diffraction grating at a given angle through the lens, dispersed wavelength 

35 by the diffraction grating, and a light having given wavelength range connects 
to the detection fiberglass through the lens, wherein a mechanism for changing 
incident angle to the diffraction grating in response to change in temperature 
is attached to the light input/output portion so that when ambient tenperature 
rises, the light input/output portion is moved in a direction where the incident 

40 angle to the diffraction grating becomes small, 

4. The optical filter according to claim 3, wherein the diffraction grating 
is a Fourier- type diffraction grating. 

45 5. The optical filter according to claim 1, wherein as the mechanism for changing 
rotational angle, at least two or more holders made of the same material having 
different length for holding the diffraction grating are arranged on a surface 
perpendicular to the direction of the grating grooves formed on the front face 
or rear face. 

50 

6. The optical filter according to claim 1, wherein as the mechanism for changing 
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rotational angle, one end of the diffraction grating is fixed and a holding 
portion for holding the diffraction grating is arranged to a surface perpendicular 
to the grating grooves at the other end of the diffraction grating- 

5 7. The optical filter according to claim 1, wherein as the mechanism for changing 
rotational angle, at least two or more holders for holding the diffraction 
grating having different coefficient of linear expansion are arranged on a 
surface perpendicular to the direction of the grating grooves formed on the 
front face or rear face of the diffraction grating, 

10 

8. The optical filter according to claim 3, wherein as the mechanism for moving 
the light input/output portion, two or more holding portions for holding the 
light input/output portion made of the same material are arranged with opposing 
with each other on a surface perpendicular to the grating grooves of the 

15 diffraction grating. 

9. The optical filter according to claim 3, vdierein as the mechanism for changing 
rotational angle, an end of the light input/output portion apart from the light 
input/ output end is fixed and a holding portion for holding the light input/output 

20 portion is arranged on a surface perpendicular to the grating grooves of the 
diffraction grating on the light input/output end of the light input/output 
portion . 

10. The optical filter according to claim 3, wherein as the mechanism for moving 
25 the light input/output portion, two holding portions for holding the light 

input /output portion having different coefficient of linear expansion are 
arranged on a surface perpendicular to the direction of the grating grooves 
of the diffraction grating . 

30 11. Adiffractive optical element used for an optical filter being constructed 
by a grating layer having periodical protiaberances and concavities formed on 
a substrate having a coefficient of linear expansion of 3.0xl0'^®C"^ or less. 

12. The diffractive optical element used for an optical filter according to 
35 claim 11, wherein the thickness of the grating layer relative to that of the 

substrate is 1/500 of or less. 

13. The diffractive optical element used for an optical filter according to 
claim 11, wherein a reflection film is formed on the grating layer having 

40 protuberances and concavities. 

15. The diffractive optical element used for an optical filter according to 
claim 11, wherein the shape of protxiberances and concavities formed on the 
grating layer is a Fourier shape. 

45 

16. An optical filter conposed of a diffraction grating, a lens, an input 
fiberglass, and a detection fiberglass, operating such that a light from the 
input fiberglass is dispersed wavelength by the diffraction grating through 
the lens, and a light having given wavelength range connects to the detection 

50 fiberglass through the lens, wherein the diffractive optical element used for 
an optical filter according to claim 11 is used as the diffraction grating. 
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[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] 

The present invention relates to an optical filter used for a receiving 
5 end of a wavelength division multiplexing system or a light aiiplifier circuit, 
and to a diffractive optical element used for an optical filter. 
[0002] 

[DESCRIPTION OF RELATED ART] 

Recently, in a wavelength division multiplexing system, various types of 

10 an optical filter have been proposed and discussed as a light selector for 
selecting a given light from wavelength division multiplexed light and a noise 
remover in a line coitposed of a light aiiplifier. In particular, an optical 
filter using a diffraction grating makes it possible to provide a wavelength 
selection with broadband and good sideband blocJcing property. 

15 [0003] 

For this purpose, an optical filter is used as a passive module equipped 
in a unit together with other optical devices and electric devices, so that 
the properties of the devices may be effected by changing in teit^erature 
distribution in the unit- 
20 [0004] 

Fig- 11 is a schematic drawing showing a construction of a conventional 
optical filter . In Fig. 11, reference number 11 denotes an input/output fiberglass 
It may be a single fiberglass acting as an input fiberglass and an output fiberglass 
Alternatively, an input fiberglass and an output fiberglass may be arranged 

25 in a direction perpendicular to the drawing. In this case also^ the two 
fiberglasses are superposed in the drawing, so that the same drawing can be 
applied. Accordingly, in this embodiment, the input/ output fiberglass 11 is 
explained as the former case. In figures shown below, the same handling is 
applied. 

30 [0005] 

A light from the input/output fiberglass 11 becomes parallel by a lens 
21, is incident to a diffraction grating 31, and is dispersed wavelength. Among 
the dispersed light, a light having a given wavelength range is connected to 
the input/output f iberglas s 1 1 again through the lens 2 1 to be selected wavelength . 
35 The wavelength XO selected by the construction shown in Fig, 1 [sic] satisfies 
the following expression (1) : 
[0006] 

2A*sinGi. = n'Xo (n: integer) (1) 

where A denotes a groove pitch of the diffraction grating 31 and 9l denotes 
40 an incident angle to the diffraction grating 31. 
[0007] 

In this construction, an optical filter that has a mechanism for correcting 
teitperature drift of the emitting wavelength of the light source has been proposed 
and it has a mechanism for mechanically correcting the amount of drift of the 
45 emitting wavelength toward longer wavelength caused by increasing tenperature 
(for exaitple, Japanese Laid-Open Patent Application No. 58-9119) . 
[0008] 

In this case, in order to correct drift amount AX of the emitting wavelength 
to the longer wavelength side upon increasing teitperature, rotation angle is 
50 increased by the amount of to satisfy the following expression (2) : 
[0009] 

2A-sin(eL+Ae) = n- <Xo+AX) (2) 
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[0010] 

Accordingly, the incident angle from the input /output fiberglass to the 
diffraction grating 31 increases. 
[0011] 

5 [PROBLEM TO BE SOLVED BY THE INVENTION] 

In the conventional example, v^en the construction shovm in Fig. 11 is 
fixed to be a module and when the ambient tenperature increases, the diffraction 
grating expands thermally resulting in changing the groove pitch. The change 
in the groove pitch 6A in response to change in temperature 6T can be expressed 
10 by the following expression (3) by using coefficient of equivalent thermal 
expansion a©: 
[0012] 

6A = ae-A-6T (3) . 

[0013] 

15 The selected central wavelength of the optical filter is shifted to the 

longer wavelength side by the wavelength shift 6A. Where the wavelength shift 
5A is expressed by the following expression (4): 
[0014] 

5X = 2-6A-sineL/n (4) 
20 [0015] 

Fig. 12 is a schematic showing the wavelength shift. The selected central 
wavelength of the filter characteristic curve 201 upon forming the module is 
shifted toward longer wavelength side by the amount of 5X to be the characteristic 
curve 202 by increasing teinperature. As a result, intensity transmission of 

25 the wavelength Aq decreases by the amount of 61. The similar phenomenon happens 
when the teirperature decreases. For exairple, in the case a diffraction grating 
made of a glass is used, thermal expansion coefficient is about 9x10-6, the 
diffraction grating is assumed to be 1.3 pm band and the groove pitch of 1.3 
pm, and when the ambient ten^erature is changed by 30 °C, the wavelength drift 

30 is about 0.35nm, so that a narrow band filter having the band width of Inm 
or less causes excessive amount of losses. 
[0016] 

Moreover, in the conventional optical filter for correcting the emitting 
wavelength drift of the transmission light source, the cimbient temperature 
35 drift of the optical filter does not correspond to that of the transmission 
side, so that the above -described effect of the terrperature characteristic 
of the filter itself is added. 
[0017] 

Owing to the recent progress in technologies, stability of the emitting 
40 wavelength of the light source increases by controlling tenperature of the 
light emitting device such that the emitting wavelength drift can be suppressed 
within O.lnm, so that fluctuations in transmitted wavelength become needless 
to be considered. 
[0018] 

45 In addition, a diffractive optical element used for the optical filter 

is constructed by a grating layer made of a high polymer resin having protuberances 
and concavities formed on a substrate, so that change in the groove pitch of 
the grating layer caused by change in tenperature is caused by the large 
coefficient of linear thermal expansion (order of 10"^ to 10"^) of the high polymer 

50 resin. Accordingly, it causes a large drift of the selected central wavelength. 
[0019] 

The present invention is made in view of the aforementioned problems and 



5 



has an object to provide an optical filter and a diffractive optical eleniont 
having a mechanism for canceling out or greatly suppressing the shift of the 
selected central wavelength in response to change in the ambient tertperature 
caused by the construction of the filter. 
5 [0020] 

[THE WAY TO SOLVE THE PROBLEMS] 

In order to solve the above-mentioned problems, an optical filter according 
to the present invention is constructed such that, in a constxniction of an 
optical filter having a diffraction grating, a mechanism that changes a rotation 
10 angle in response to change in temperature is arranged to the di f fraction grating - 
Otherwise, the optical filter constructed such that a mechanism that changes 
an incident angle to the diffraction grating is arranged to a light input/output 
portion constructed by a lens and an input/output fiberglass. 
[0021] 

15 When the temperature increases, the above-described mechanism rotates or 

moves the diffraction grating in a direction where the incident angle to the 
diffraction grating becomes small. 
[0022] 

As a diffractive optical element using for the optical filter, a diffraction 
20 grating formed on a substrate having a small thermal expansion coefficient 
is applied. 
[0023] 
[EFFECT] 

In the above-described construction according to the present invention, 
25 the shift amount of the selected central wavelength to the longer wavelength 
side upon increasing temperature is canceled out by decreasing the incident 
angle to the diffraction grating by the amount of 69. Accordingly, the selected 
central wavelength becomes constant by satisfying the expression (5) : 
[0024] 

30 2MA+5A) -sinOL-SG) = n-Ao (5) 

[0025] 

Since thermal expansion coefficient of the diffractive optical element 
is small as shown in the expression (2), 5A becomes small. As a result, when 
the diffractive optical element is used for an optical filter, the shift amount 
35 6A of the selected central wavelength becomes small, 
[0026] 

Accordingly, the angular correction direction of the setting inclination 
of the diffraction grating according to the present invention is conpletely 
opposite direction relative to that according to a conventional example . 
40 [0027] 

[PREFERRED EMBODIMENTS] 

An optical filter according to each embodiment of the present invention 
is explained below with reference to accompanying drawings . 
[0028] 

45 Fig. 1 is a schematic drawing showing a fundamental construction of an 

optical filter according to a first embodiment of the present invention. In 
Fig. 1, reference number 1 denotes an input /output fiberglass, 2 denotes a 
lens, 3 denotes a diffraction grating, and 4 denotes a thermal correction 
mechanism. 

50 [0029] 

Although the behavior of a light coming out from the input/output fiberglass 
1 is the same as shown in Fig. 12, the thermal correction mechanism 4 attached 
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to the diffraction grating 3 rotates the diffraction grating 3 in the direction 
shown in the arrow upon increasing the ambient teirperature . The rotation angle 
by the thermal correction mechanism 4 in response to the ten5>erature increase 
6T is changed by the amount of 60 satisfied by the expression (5) . Accordingly, 
5 the incident angle from the input/output fiberglass 1 to the diffraction grating 
3 through the lens 2 is made to become small . The selected central wavelength 
dispersed and input again to the input/output fiberglass 1 through the lens 
2 is Ao regardless of increasing terr?5erature . When the ambient temperature 
decreases, the thermal correction mechanism 4 rotates the diffraction grating 
10 3 in the direction opposite to the arrow shown in Fig. 1 so that the incident 
angle from the input/ output fiberglass 1 to the diffraction grating 3 becomes 
large . 
[0030] 

Accordingly, by arranging the thermal correction mechanism to the 
15 diffraction grating side, wavelength shift of the selected central wavelength 
caused by change in temperature can be canceled out, so that a stable module 
can be constructed- 
[0031] 

Fig- 2 is a schematic drawing showing a fundamental construction of an 
20 optical filter according to a second embodiment of the present invention. The 
different point from the Fig. 1 is that a thermal correction mechanism 6 is 
attached to a light input/output portion 5 composed of an input/output fiberglass 
1 and a lens 2. 
[0032] 

25 Although the behavior of the light coming out from the input/ output fiberglass 

1 is similar to that of Fig. 1, the thermal correction mechanism 6 attached 
to the light input/ output portion 51 [sic] shows a movement causing a rotation 
in the direction of the arrow upon increasing temperature. The incident angle 
from the light input/output portion 6 [sic] to the diffraction grating 3 varies 

30 by the movement by the amount of 59 satisfied by the expression (5) upon increasing 
temperature ST. Accordingly, the incident angle becomes small, so that the 
selected central wavelength is Xq regardless of increasing temperature. When 
the ambient temperature decreases, the thermal correction mechanism 6 rotates 
the diffraction grating 3 in the direction opposite to the arrow shown in Fig. 

35 2 so that the incident angle from the light input/output portion 5 to the 
diffraction grating 3 becomes large. 
[0033] 

Accordingly, by arranging the thermal correction mechanism to the light 
input/output portion side, wavelength shift of the selected central wavelength 
40 caused by change in tenperature can be canceled out, so that a stable module 
can be constructed. 
[0034] 

Fig. 3 is a schematic drawing showing a specific construction of a thermal 
correction mechanism 4 of the optical filter according to the first embodiment 

45 of the present invention. In Fig. 3, reference nxjsnbers 81 and 82 denote fixing 
porticHis, 71 and 72 denote holding portions, 9 denotes a base, and the other 
parts are the same as Fig. 1. The holding portions 71 and 72 are made of the 
same material and its coefficient of linear expansion is a. By the way, since 
the thermal expansion of the base 9 affects only in the direction of optical 

50 axis, the selected central wavelength is not affected. 
[0035] 

Each one end of the holding portions 71 and 72 is fixed to the base 9 by 
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each of the fixing portions 81 and 82. The other ends hold the diffraction 
grating 3 from the rear side apart from a distance X on the rear side of the 
diffraction grating 3 with each other. The length in the longer direction of 
the holding portion 71 from the fixing portion 81 to the diffraction grating 
5 3 is longer than that of the holding portion 72 from the fixing portion 82 
to the diffraction grating 3. Assuming the difference is to be when the 
ambient t^rperature increases by 6T, the diffraction grating 3 rotates clockwise 
by the amoiont 6<p satisfying the following expression (6) : 
[0036] 

10 6<p = a-6L-6T/X (6) 

[0037] 

When the value 6<p is made to be equal to the value 66 of the expression 
(5), the wavelength shift of the selected central wavelength in response to 
teirperature increase can be canceled out, 
15 [0038] 

For example^ a diffraction grating with a glass substrate having a groove 
pitch of 1.3pm using in 1.3pm range is considered, and when aluminum is used 
for the holding portion, the wavelength shift can be canceled out by malcing 
X of 5mm, and the difference of the length 5L of l.lram. 
20 [0039] 

In the present embodiment, although two holding portions are arranged, 
other construction shown in Fig. 4 may be possible. In Fig. 4, only one holding 
portion 71 is used, the position held by the holding portion 72 in Fig. 1 [sic] 
is fixed to the base 9 by the fixing portion 83, and the diffraction grating 
25 3 can be relatively rotated clockwise by the holding portion 71, In this case, 
the same effect can be obtained by making the length of the holding portion 
to be 6L, and the holding portion itself can be compact. 
[0040] 

In Fig. 3, although the same material is used for the holding portions, 
30 different materials may be used as shown in Fig. 5. In Fig. 5, by arranging 
a holding portion 73 (coefficient of linear expansion : al, length: LI) fixed 
to the base 9 by the fixing portion 84 and a holding portion 74 (coefficient 
of linear expansion :, length: L2) fixed to the base 9 by the fixing portion 
85, the expression (6) can be expressed by the following expression (7) and 
35 degree of freedom for designing thermal correction increases: 
[0041] 

6<p = (al'Ll-a2-L2) -ST/X (7) 
[0042] 

Fig. 6 is a schematic drawing showing a specific construction of a thermal 
40 correction mechanism 6 of the optical filter according to the second embodiment 
of the present invention. In Fig. 6, reference number 22 denotes a lens, 51 
denotes a light input/output portion, 86 and 87 denote fixing portions, 75 
and 76 denote holding portions, 9 denotes a base, and the other parts are the 
same as Fig. 2. Materials of the holding portions 75 and 76 are the same and 
45 have a coefficient of linear expansion of a. Each one end of the holding portions 
75 and 76 is fixed to the base 9 by each of the fixing portions 86 and 87. 
The other end of the holding portion 75 holds the upper side of the light 
input/output portion 51 shown in the figure, and the other end of the holding 
portion 76 holds the light input/output portion 51 opposite to the holding 
50 portion 75 separating by the amount of X. The longer side lengths of the holding 
portions 75 and 76 from the fixing portions 86 and 87 are assumed to be LI 
and L2, respectively. VJhen the ambient temperature increases by 6T, the light 
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input /output portion 51 relatively rotates clockwise by the amotint of 69 

satisfying the following expression (8) : 

[0043] 

5<p = a- {L1+L2) -ST/X (8) 
5 [0044] 

When the value 59 is made to be ec^al to the value 56 of the expression 
(5), the wavelength shift of the selected central wavelength in response to 
ternperature increase can be canceled out, 
[0045} 

10 For exan?>le, a diffraction grating with a glass stibstrate having a groove 

pitch of 1.3pin using in 1.3pm range is considered, and when aluminum is used 
for the holding portion, the wavelength shift can be canceled out by making 
X of lOram, and the addition of the length of the holding portions of 2.2ram. 
[0046] 

15 In the present embodiment, although two holding portions are arranged, 

other construction shown in Fig. 7 may be possible. In Fig. 1 , only one holding 
portion 75 is used, the position held by the holding portion 76 in Fig. 6 is 
fixed to the base 9 by the fixing portion 88, and the light input /output portion 
6 can be relatively rotated clockwise by the holding portion 75. In this case, 

20 the same effect can be obtained by considering the length of the holding portion 
to be LI only, and the holding portion itself can be compact. 
[0047] 

In Fig. 6, although the same material is used for the holding portions, 
different materials may be use as shown in Fig. 8, In Fig. 8, by arranging 

25 a holding portion 75 (coefficient of linear expansion : al, length: LI) fixed 
to the base 9 by the fixing portion 86 and a holding portion 77 (coefficient 
of linear expansion : a2, length: L2) fixed to the base 9 by the fixing portion 
89 to the same side of the light input/output portion 6, the diffraction grating 
can be relatively rotated clockwise by the amount of 6<p shown by the expression 

30 (7) and degree of freedom for designing thermal correction increases: 
[0048] 

Then, an exairple of a diffractive optical element using for an optical 
filter is explained with a schematic drawing shown in Fig. 9. A diffractive 
optical element 104 is constructed by a grating layer 102 having protuberances 
35 and concavities formed on a substrate 101 and a reflection film 103 applied 
on the protuberances and concavities. The grating layer 102 is sufficiently 
thinner than the substrate 101 (1/500 or less ) and closely contacts the substrate 
101 . The material of the substrate 101 has a small coefficient of linear expansion. 
[0049] 

40 In this construction, since the thickness of the grating layer 102 is thin, 

variation in the groove pitch upon changing ambient temperature can be suppressed 
about the variation caused by coefficient of linear expansion of the substrate 
101. For example, a heat resistant glass (coefficient of linear expansion: 
2- 8x10"®) with the thiclcness about 2ram is used as a sul>strate, and a photoresist 

4 5 layer with protuberances and concavities formed by an exposure having a thicknes s 
about 2pm is used as a grating layer, and a metal film having a thickness of 
0.2pm or less is used as a reflection film. In this construction, a coefficient 
of equivalent linear expansion of the diffractive optical element itself becomes 
nearly equal to the coefficient of linear expansion of the substrate. 

50 [0050] 

Fig. 10 is a schematic drawing showing an exan^le of an optical filter 
using the above-described diffractive optical element 104. In this case. 



9 



variation in the selected central wavelength upon varying tenperature is such 
that assuming a diffraction grating having the wavelength of 1 . Syaa range, groove 
pitch of 1.3pm, when variation in temperature is 30 degrees, variation in the 
selected central wavelength is about 0. Inmor less, so that a narrowband filter 
5 having the band width of Inm or less can effectively be constructed without 
thermal correction . 
[0051] 

In the above-described embodiment, although a diffraction grating is siit^ly 
used, by using a Fourier- type diffraction grating, a low-loss module having 
10 low polarization dependence can be constructed, 
[0052] 

[EFFECT OF THE INVENTION) 

As described above, the present invention makes it possible to provide 
a stable passive module by suppressing or canceling out thermal characteristic, 
15 in other words , variation in the selected central wavelength relative to variation 
in the ambient temperature regarding a diffraction-grating type optical filter - 
[BRIEF DESCRIPTION OF DRAWINGS] 

Fig. 1 is a schematic drawing showing a fundamental construction of an 
optical filter according to a first embodiment of the present invention, 
20 Fig, 2 is a schematic drawing showing a fundamental construction of an 

optical filter according to a second embodiment of the present invention. 

Fig. 3 is a schematic drawing showing a first construction of a thermal 
correction mechanism of the optical filter according to the first embodiment 
of the present invention. 
25 Fig. 4 is a schematic drawing showing a second construction of a thermal 

correction mechanism of the optical filter according to the first embodiment 
of the present invention. 

Fig. 5 is a schematic drawing showing a third construction of a thermal 
correction mechanism of the optical filter according to the first embodiment 
30 of the present invention. 

Fig. 6 is a schematic drawing showing a first construction of a thermal 
correction mechanism of the optical filter according to the second embodiment 
of the present invention. 

Fig. 7 is a schematic drawing showing a second construction of a thermal 
35 correction mechanism of the optical filter according to the second embodiment 
of the present invention. 

Fig. 8 is a schematic drawing showing a third construction of a thermal 
correction mechanism of the optical filter according to the second embodiment 
of the present invention. 
40 Fig. 9 is a schematic drawing showing a diffractive optical element using 

for an optical filter according to an example of the present invention - 

Fig. 10 is a schematic drawing showing an example of an optical filter 
using the diffractive optical element shown in Fig. 9. 

Fig. 11 is a schematic drawing showing a construction of a conventional 
45 optical filter. 

Fig. 12 is a schematic drawing showing the wavelength shift of the selected 
central wavelength of a conventional optical filter upon changing temperature. 
[EXPLANATION OF REFERENCE SYMBOLES] 

1: input/output fiberglass 
50 2: detection fiberglass [sic] 

3: diffraction grating 

4, 6: thermal correction mechanism 
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5^ 51: light input/output portion 
71 through 77 : holding portion 
81 through 89: fixing portion 
9: base 
5 101 : substrate 

102: grating layer 

103: reflection film 

104: diffractive optical element 

10 <Fig. 12> 

: intensity transmission 
i^M : wavelength 
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